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DISPLAY DEVICE INCORPORATING ONE-DIMENSIONAL 
HIGH-SPEED GRATING LIGHT VALVE ARRAY 

5 Field of the Invention 

The present invention relates in general to miniature display devices. It relates in 
particular to a miniature display device wherein light is incident on a linear array of high 
speed light-valves which diffract and/or reflect the light, diffracted light being directed via 
magnifying optics and a mechanical scanning arrangement to a viewer, the scanning 
10 arrangement causing diffracted light from the light-valves to appear to the viewer as a 
two-dimensional image. 

Background of the Invention 

Miniature display devices are useful in applications such as portable display s for 

\ 

15 video simulation applicatiqns,_among others. A miniature display in the context of this 

r — ■ — -■ ' 

discussion is understood to be a display sufficiently small that it requires an optical 
magnification arrangement to be effective. An advantage of such a display is that it 
consumes less power, and occupies much less space than a conventional display having 
real dimensions equal to the apparent dimensions of the magnified miniature display. 

20 Such miniature displays can be sufficiently small that they can be incorporated in 

goggles or other eyewear. This may be used to "immerse" a user completely in a 
displayed environment, in what are popularly termed "virtual reality" interactions with a 
computer. Such a display may also be worn as an accessory display which allows a user 
to see his or her real environment in addition to inforaiation conveyed by the display. 

25 Such an accessory display may be useful, for example, as a display for a telephone 

op erator or an airline rickeLagent.JWearing.such-a_display,allows-a-user-^^ 

comfortable fixed viewing relationship to the display while being free to move about to 
perform other activities. 

U.S. Patent No. 4,934,773 describes a miniature full-page video display which 

30 includes at least one row of light emitting elements such as light emitting diodes (LEDs), a 
magnifying lens, and a vibrating mirror in a light-tight box having an opening through 
which the vibrating mirror may be viewed. The LEDs are selectively illuminated at points 

- 1 . 
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in the travel of the vibrating mirror, resulting in rows of pixels or image-elements being 
projected at selected points on the mirror to provide a two-dimensional image. A head- 
mounted display system incorporating this miniature display concept is described in U.S. 
Patent No. 5,003,300. 

The row of such emitters may be formed on a single semiconductor chip, generally 
termed a microchip-laser array. Associated driving circuits for the emitters (one for each 
emitter) may be formed on the same chip. It is taught in the '773 patent, that by using 
two or more rows of light emitters, each row emitting a different colored light, a colored 
display may be achieved 

A display device as described in the above-discussed patents offers the advantage 
that, by virtue of the scanning action of the vibrating mirror, a single row of light emitters 
can be made to do the work of as many such rows of emitters as would be necessary to 
provide a real two-dimensional display of the same resolution. This provides for a 
significant reduction in device complexity and cost. Usefulness of such a device is limited 
however, by a rate at which each light emitter can be modulated. Further, the physical 
size of LEDs and end-emitting semiconductor laser devices also limits the attainable 
resolution of such a device. 

Notwithstanding the technical progress in miniature display devices to date, it is 
believed that further improvement of such devices, particularly in the direction of higher 
resolution and lower power-consumption is required. 

Summary of the Invention 

The present invention is directed to a display system for providing a two- 
dimensional unage. In a most general aspect, a display system in accordance with the 
present invention comprises a diffractive Ught-valve array. The light-valve array includes 
a row of elongated, individually-operable, spaced-apart modulator members aligned 
parallel to each other. Each of the modulator members is operable such that light incident 
thereon is diffracted to an extent determined by an operational state of the modulator 
member. 

The system includes an illumination anangement for causing light to be incident on 
the light-valve array, and an arrangement for separating a diffracted portion of the incident 
light from a non-diffracted portion of the incident light. Electronic circuitry is provided 
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for receiving video data and operating the modulator members of the light-valve array to 
correspond to image-elements of the video data to be displayed. 

Magnifying optics provide a magnified image of the grating light-valve array, via 
the separated diffracted light portion, to a viewer. The system includes a scanning device 
cooperative with the electronic circuitry for scanning the magnified image through the 
field of view of a viewer to provide sequential lines of the two-dimensional image at a 
rate sufficient to cause the magnified virtual image to appear to the viewer as the two- 
dimensional image. 

In one preferred embodiment of a display system in accordance with the present 
invention, the light-valve array is a reflective grating light-valve (GLV) array including a 
row of spaced-apart, elongated movable reflective-members aligned parallel to each other. 
Each of the movable reflective-members is individually movable, wdth respect to a 
corresponding fixed reflective-member, through planes parallel to and separated from a 
plane in which the fixed reflective-member is located. The movable and fixed reflective- 
members are configured such that corresponding movable and fixed reflective-members, 
together, cause diffraction and/or reflection of light incident thereon to an extent 
depending on the planar separation of the movable and fixed reflective-members. 

The magnifying optics includes a magnifying lens for providing the magnified 
image. The magnifying lens, means, the light-valve array, and the arrangement for 
separating diffi-acted light from reflected light are configured as a telecentric system with 
the light-valve array and the diffracted light separating arrangement located at respectively 
a telecentric object position and an exit pupil of the magnifying lens. 

, The magnifying lens is preferably an eyepiece lens of a type selected from the 
group of eyepiece lens types consisting of Huygens, Ramsden, Kelber, Plossel, Abbe, 
Konig, and Erfle. The magnifying lens may be arranged to provide a magnified virtual 
image of the light-valve arra yJjDrdfcectjHewingithrough-1he.lens-by a viewer— 



magnifying lens may also be arranged to project a magnified real image of the light-valve 
array on a receiving surface such as a screen. 

Brief Description of the Drawing s 

The accompanymg drawings, which are incorporated in and constitute a part of the 
specification, schematically illustrate a preferred embodiment of the invention and 
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together with the general description given above and the detailed description of the 
prefened embodiment given below, serve to explain the principles of the invention. 

FIG. 1 is a fraginentary perspective view, schematically illustrating a portion of one 
example of a prior art reflective/diffractive grating light-valve array suitable for use in a 
display system in accordance with the present invention. 

FIG. 2 is a general cross-section view schematically illustrating an operational state 
of the gratmg light-valve array portion of FIG. 1 wherein the array portion behaves as a 
reflector. 

FIG. 2A is a general cross-section view schematically illustrating an operational 
state an operational state of a portion of another example of a grating light valve array 
wherein the array portion behaves as a reflector. 

FIG. 3 is a general cross-section view schematically illustrating an operational state 
of the grating light-valve array portion of FIG. 1 wherein the array portion behaves as a 
diffraction grating. 

FIG. 3A is a general cross-section view schematically illustrating an operational 
state of the grating light-valve array portion of FIG. 2A wherein the array portion behaves 
as a diffraction grating. 

FIG. 4 is a general cross-section view schematically illustrating one preferred 
embodiment of a display system in accordance with the present mvention including an 
illumination arrangement for causing light to be incident on a reflective grating light-valve 
array (GLV), a magnifying eyepiece lens, an exit pupil stop for separating diffracted light 
from the GLV from light reflected from the GLV) and a scan mirror for scanning the 
separated diffracted light across the field of view of a viewer. 
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FIG. 5 is a general cross-section view seen generally in a direction 5-5 of FIG. 4, 
schematically illustrating the GLV, magnifying eyepiece lens, exit pupil stop and scanning 
mirror of FIG. 4. 

FIG. 6 is a general cross section view schematically illustrating a telecentric relay 
arrangement for an exit pupil of the eyepiece lens of the system of FIG. 4. 



FIG. 7 is a general cross-section view schematically illustrating a projection lens 
cooperative with the eyepiece lens of FIG. 4, for projecting a real image of the GLV of 
FIG. 4 on a screen, recording medium, paper, or the like. 



FIG. 8 is a general cross-section view schematically illustrating one preferred 
embodiment of a display system in accordance with the present invention including source, 
an illumination arrangement for causing light to be incident on a reflective grating light- 
valve array (GLV array), a magnifying eyepiece lens, a focal-stop for separating diffracted 
light from the GLV array from Ught reflected from the GLV array, and a scan mirror for 
scanning the separated diffracted light across the field of view of a viewer. 



FIG. 8A is a general cross-section view schematically illustrating a system of the 
type depicted in FIG. 8 arranged as a projection printer, with the scan mirror of FIG. 8 
replaced by a drum scanner for moving a printing or recording medium past a stationary 
projected real image of the GLV array. 

FIG. 9 is a general cross-section view seen generally in a direction 9-9 of FIG. 8 
schematically illustrating a portion of the illumination system of FIG. 8. 



FIG. 10 is a general cross-section view seen generally in a direction 10-10 of 
FIG. 8 schematically illustrating another portion of the illumination system of FIG. 8. 

FIG. 11 is a general cross-section view seen generally in a direction 10-10 of 
FIG. 8 schematically illustrating the path of a light beam diffracted from the GLV arra 
FIG. 8. 

- 5 - 
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FIG. 12 is a general cross-section view schematically illustrating an arrangement of 
multiple turning mirrors for the display system of FIG. 8, directing light via a magnifying 
eyepiece lens of the system of FIG. 8 to the light-valve array of FIG. 8. 

5 FIG. 13 is a view seen generally in a direction 13-13 of FIG. 12 schematically 

illustrating the turning mirrors of FIG. 12 in an exit pupil of the magnifying eyepiece lens 
of FIG. 8. 

FIG. 14 is a general cross-section view schematically illustrating the magnifying 
10 eyepiece lens of FIG. 4 or FIG. 8 used as a projection lens for projecting a real image of 
the grating light-valve array on a receiving surface. 

FIG. 15 is a general cross-section view schematically illustrating a rotating-polygon 
reflective scanning arrangement for use in the systems of FIGS 4 and 6. 

15 

FIG. 16 is a general cross-section view schematically illustrating a variable-angle 
prismatic scanning arrangement for use in the systems of FIGS 4 and 6. 

FIG. 17 is a general cross-section view schematically illustrating a translating-lens 
20 transmissive scanning arrangement for use in the systems of FIGS 4 and 6. 

FIG. 18 is a general elevation view schematically illustrating a display system in 
accordance with the present invention including a transmissive diffractive light-valve array. 

25 Detailed Description of the Preferr ed Embodiments 

In a display system in accordance with the present invention, a particularly 
preferred light modulating device is a reflective grating light-valve (GLV) array. Use of 
such devices in real two-dimensional arrays for making displays has been proposed, and 
devices are described in detail in U.S. Patent No. 5,459,610, the disclosure of which is 
30 hereby incorporated by reference. This type of reflective grating light-valve array is 

capable of providing displays of very high resolution, by virtue of very small feature or 
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element size, very high switching speeds, and high bandwidth. A brief description of one 
embodiment of such a device is set forth below with reference to FIGS I, 2, and 3. 

FIG. 1 illustrates a portion 10 of one example of a reflective grating light-valve 
anay. Array 10 includes individually movable elongated reflective-members or ribbons 12 
including a reflective coating 14 (see FIG. 2). Ribbons 12 in a non-operating state are 
suspended (in tension) over a base 16 in a plane parallel thereto. Ribbons 12 are spaced 
apart and parallel to each other. Ribbons 12 may be referred to as "active" reflective- 
members of GLV array 10. Aligned with spaces between ribbons 12 are fixed reflective- 
members 18, formed by depositing a reflective coating on base 16. Fixed reflective- 
members 18 may be alternately referred to as "passive" members of GLV array 10. 

Array 10 is fabricated using lithographic semiconductor device fabrication 
techniques on a silicon (wafer) substrate 20. Base 16 is one surface of the wafer. An 
electrode layer 22 is deposited on an opposite surface of the wafer. Ribbons 12 and fixed 
reflective-members preferably have a width between about one and four micrometers and a 
15 length between about 40.0 and 100.0 micrometers (urn). An array 10 suitable for use in a 
display in accordance with the present invention preferably has a length on about one 
centimeter (cm). Such an array would include more than one-thousand movable members 
12. The narrow width of the fixed and movable members is such that a group of adjacent 
members, for example, a group of eight fixed and movable member pairs, can be used to 
represent one image-element or pixel, in one of two-hundred-fifty-six grey shades, while 
still providing a pixel small enough to provide resolution comparable to a conventional 
CRT computer monitor. 

A ribbon 12 is moved or operated by applying a potential between the member and 
base 16. In a non- operated state, the distance between reflective coating 14 of the 

25 movable member, and a corresponding (adjacent) fixed member 18, is set to one-half 

wavelength of lig ht which is used to i lluminate the nrray-('=<>''-FTQ-2)r-In-thi=-=tatcra 

normally incident plane wave-front 24 undergoes no diffraction, and is reflected in a 
direction opposite the direction of incidence as illustrated by arrows I and R. 

When a sufficient potential is applied, a ribbon 12 is deflected towards and can be 

30 held on base 16. The thickness of ribbons 12 is selected such that in this "operated and 
held" state, the distance between reflective surfaces of corresponding fixed and movable 
members is one-quarter wavelength of light which is used to illuminate the array (see FIG. 



20 
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3). In this State, destructive interference between light reflected from movable and fixed 
members creates diffracted wavefronts 26 (only plus and minus first order diffracted 
wavefronts shown in FIG. 3) which propagate at an angle to the incident plane wavefiront 
direction, as illustrated by arrows D+i and D.,. 
5 Any adjacent pair of movable and fixed reflective-members 12 and 18, or any 

functional group of such pairs, representing all or part of an image element, may be 
considered to be a "light-valve". It is from this consideration that the terminology grating 
light-valve (GLV) array is adopted for purposes of this description. 

It is also possible to fabricate A GLV array similar to array 10 discussed above but 
10 vvherein all reflective-members thereof are suspended in tension above base 20. This is 
illustrated in FIG. 2A. Array lOA is arranged, via address lines and the like (not shown) 
such that alternate ones 12A thereof are moveable to provide spatial light modulation and 
are the equivalent of active members of GLV array 10. Reflective-members 18A (each 
including a reflective coating 14) in between each of the active members are not moved 
15 during operation of GLV array lOA for 

spatially modulating light and are the equivalent of the fixed or passive members 18 of 
GLV array lOA. 

GLV array lOA is preferentially arranged such that in a non-operational state. All 
reflective-members thereof, both active and passive, have reflecting surfaces which lie in 
20 the same plane as illustrated in FIG. 2A wherem GLV only reflects light incident thereon. 
GLV lOA is also preferentially arranged such that when active or moveable members 12A 
thereof are deflected such tiiat when they lie in an extreme plane separated by one-quarter 
wavelengtii firom the plane of the moveable or active members, as illustrated in FIG. 3A, 
they do not contact base 20. 
25 An array of tiie type exemplified by GLV array lOA is easier to fabricate tiian an 

array of the type exemplified by GLV array 10, and can be made using only two 
lithographic steps. Having moveable members not contact base 20 avoids a potential 
problem of members "sticking" to base 20 and thereby compromising operation of the 
array. Further details of GLV array lOA and similar arrays are discussed in co-pending 
30 application Application No. 08/482,188, filed June 7, 1995, and assigned to tiie assignee of 
the present invention, the complete disclosure of which is hereby also incorporated by 
reference. 

- 8 - 
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Those familiar with the art to which the present invention pertains will recognize 
that, in both GLV array 10 and GLV array lOA, as ribbons 12 and 12A move through 
planes parallel to base 16. in states between the extreme states illustrated in FIGS 2 and 3, 
and FIGS 2A and 3A, light will be both reflected and diffracted. Intermediate states may 
5 be used to operate the members in an analog manner. 

Whether ribbons 12 are operated in a binary manner,' (held in one of the extreme 
states of FIGS 2 and 3 with states in a group.binary weighted to provide grey scale), or in 
an analog manner, in a full-length, single-row or one-dimensional array, representing one 
resolution or scan line of a two-dimensional image, different portions of the array will 
10 have members in different states, such that incident light, returned from the array will 
contain diffracted and non-diffracted (reflected) portions. 

In a display system in accordance vwth the present invention, the diffracted light 
portion is used to present a two-dimensional image to a viewer. Because of this, a system 
in accordance with the present invention must include an arrangement for separating the 
15 diffracted light portion from the reflected light portion. Prefeired examples of such 

arrangements are discussed in detail below in descriptions of preferred embodiments of the 
present invention. These optical arrangements are of a type known generally in the optical 
art as Schlieren optics which typically separate reflected from diffracted light by an 
arrangement of one or more lenses and one or more stops such that reflected light is 
20 blocked from the field of view of a viewer. 

Referring now to H Q. 4 and FIG. 5, o ne preferred embodiment 30 of a display 
system in accordance with the present invention is illustrated. In. display system 30 an 
illumination arrangement for illuminating a GLV array 10, includes red, green, and blue 
light sources 32R, 32G and 32B respectively. Preferably, these light sources are 
25 semiconductor light emitting devices such as LEDs or semiconductor lasers. In cases 

where a very l arge display is to be projectedjLmav_even be-found-advart«gPnn. tn-ncp 



solid-state lasers or optical parametric oscillators having an appropriate emission 
wavelength. 

In system 30, light sources 32R, 32G, and 323 are assumed to be light sources, 
30 such as LED's, which emit in a generally symmetrical manner. A dichroic filter group 34 
allows light from any one of these light sources to be directed toward a collimating lens 
36 propagating generally along a system optical axis z. Dichroic filter groups which cause 
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three light sources of different color to appear to an optical system to emanate from the 
same point of origin are well known in the optical art, for example. Philips prisms. 
Accordingly, a detailed description of such dichroic filter groups is not presented herein. 
Lens 36 may is illustrated, for simplicity as a simple "spherical" lens, i.e having 

5 equal refractive power in the x and y axes. In FIG. 4 the y axis is in the plane of die 

illustration and the x axis is perpendicular to the plane of the illustration. The purpose of 
the lens is to collimate light from the light source in both axes. Those familiar with the 
art to which the present invention pertains, will recognize however, that light, output from 
an end-emitting semiconductor laser is more divergent in one transverse (x or y) axis than 

10 the other and is astigmatic. Means for collimating the output beam of such a laser and 
expanding it to a desired size are well-known in the optical art and may require one or 
more spherical, aspherical, toroidal, or cylindrical (spherical and aspherical) lens elements. 
Lens 36 is intended to represent a group of one or more such elements. Divergent light 
38 from a symmetrically emitting light source 32 passes through lens 36 and is collimated 

15 in both the x and y axes. Bi-axially collimated light 40 is then passed through a 

cylindrical lens 42. The term "cylindrical" here defining that lens 42 has refractive power 
in one axis (here, y) only. Those familiar with the optical art will recognize that surface 
44 of lens 42 may be other than circularly cylindrical. The function of lens 24 is to cause 
bi-axially collimated light 40 passing therethrough to converge (FIG. 4, lines 46) in the y 

20 axis, and remain collimated (FIG. 5 lines 48) in the x axis. It should be noted here that 
lens 42 may also be formed from one of more optical elements as discussed above, and is 
.. ■shown as a single element for simplicity, although usually, a single lens element will 
-suffice. 

GLV array 10 is located at a distance from cylindrical lens 42 of about a focal 
25 length (f,) of the lens. GLV array 10 is aligned in the x axis, on the system optical axis z 
which corresponds to the optical axis of lenses 36 and 42. The operatmg surface of the 
GLV (ribbons 12) is inclined to the z axis. In FIG. 4, GLV array 10 is inclined at 45° to 
the axis, which effectively folds the z axis 90°. This selection of inclination of the GLV 
array is made here for convenience of illustration and should not be considered limiting. 
30 Referring to FIG. 5, light incident on an operating GLV array 10, creates a 

reflected beam (arrows 48) and plus and minus first-order diffracted beams designated by 
arrows D+, and D., respectively. These diffracted beams are inclined to the z axis in the x 
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axis. In the y axis, the diffracted and reflected beams are equally divergent. The 
diffracted and reflected beams then pass through a magnifying (positive) lens 50 which is 
separated from GLV array 10 by a focal length f2 of the lens. Lens 50 is shown in FIG. 5 
as a single element for simplicity, but in practice lens 50 may include two or more 
5 elements. Lens 50 provides in effect an eyepiece lens for system 30 and is preferably one 
of the well-known group of eyepiece lens types, consisting of Huygens, Ramsden, Kellner, 
Plossel, Abbe, Konig, and Erfle types, all of which include two or more lens elements. 

In the X axis, the reflected beam converges (arrows 52) to a focal point on the z 
axis, at which is placed an elongated stop 54 at about an external telecentric exit pupil P2 

10 of lens 50. Thus the Schlieren optics of system 30 can be defined as being a part of a 
telecentric optical arrangement 49 including GLV array 10 magnifying eyepiece lens 50 
and stop 54, with GLV array 10 at about an external object position of lens 50 and stop 54 
at about an external (exit) pupil of lens 50. A telecentric system is a system in which the 
entrance pupil and/or the exit pupil is located at infinity. It is widely used in optical 

15 systems designed for metrology because it tends to reduce measurement or position error 
caused by slight defocusing of the system. This tendency permits some tolerance in 
placement of stops and other components of the system in general, and specifically 
exploited in certain embodiments of the present invention discussed further hereinbelow. 
In the y axis (see FIG. 4), divergent reflected light 46 (and diffracted light) are 

20 coUimated by lens 50 as illustrated by arrows 56. Stop 54 is aligned in the y axis, and 
intercepts the reflected light. Stop 54 may be selected to be absorbing or reflecting. If 
stop 54 is reflecting, reflected light from the stop is returned to GLV array 10. Diffracted 
beams D+, and D.^, however, being inclined to the z axis and the corresponding incident 
and reflected beams, converge to focal points above and below (alternatively, on opposite 

25 sides of) stop 54 thereby passing through exit pupil without being intercepted by stop 

54. 

A scanning mirror 58 is located such as to intercept the diffracted beams and direct 
them toward a viewer's eye 64. What the viewer sees is a magnified virtual image (at 
infinity) of GLV array 10, This image is represented whimsically in FIG. 5 by line 59, 

30 recognizing, of course, that there is no real image here. 

Operable members of GLV array 10 are operated to represent, sequentially, 
different lines of a M x N display where M is the number of image-elements per line, and 
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N is the number of (resolution) lines in the display. An image element may include one 
or more operable GLV members, as discussed above. GLV array 10 may be defined 
generally as representing, a one-dimensional array of light valves, or one row of image- 
elements or pixels. In the magnified virtual image these pixels will have a relative 
brightness determined by the operating state of ribbon or ribbons 12 of GLV array 10. 

Scarming mirror 58 is moved, angularly, by a drive unit 60 about an axis 62 as 
illustrated by arrow A (see FIG. 4), scanning the diffracted beams, and thus the magnified 
virtual image, linearly, across the field of view of the viewer, as indicated by arrow B, to 
represent sequential lines of the display. Mirror 58 is moved fast enough to cause the 
scanned virtual image to appear as a two-dimensional image to the viewer. 

Microprocessor-based electronic control circuitry 70 is arranged to accept video 
data via a terminal 72, and is connected to GLV anay 10 for using that data to operate 
moving members of GLV array 10 for modulating light thereon. The circuitry is arranged 
such that light in diffracted beams D^, and D., is modulated to represent sequential 
resolution lines of a two-dimensional image representing the video data, as noted above. 
Control circuitry 70 is also connected to scanning mirror drive unit 60 to synchronize the 
display of sequential lines and to provide that sequential frames of the image begin at an 
extreme of the angular excursion range of scanning mirror 58. Control circuitry 70 is also 
connected to light sources 32R, 32G, and 32B and switches the sources sequentially 
cooperative with operation of GLV array 10 to provide sequential red, green and blue 
resolution images of the array, which, together, represent one resolution line of a colored 
two-dimensional image. 

It should be noted here that in FIG. 4 viewer's eye 64 is illustrated in a less than 
ideal system for properly viewing a magnified virtual image of the display of system 30. 
Ideally, for viewing such an image, the viewer's eye should be located at about exit pupil 
P2, This is difficult because of mirror 58, which is preferably also located at about this 
exit pupil. This difficulty can be overcome by optically relaying an image of the exit 
pupil away from the mirror, to a position at which it is easy to locate a viewer's eye, 
thereby allowing the scanning minor and the viewers eye each to be located at about a 
pupil position. 

One means of relaying an image of exit pupil is illustrated in FIG. 6 wherein the 
optical arrangement is shown as optically "unfolded", with scanning mirror 58 represented 
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as a line at exit pupil P2 of lens 50, that being one preferred position for the scanning 
mirror. Here pupil-relaying is accomplished by two lenses 51 and 53 of the same focal 
length, which are spaced apart by a distance equal to twice that focal length to form a unit 
magnification telecentric relay which places an image P3 of exit pupil P2 a focal length of 
5 lens 53 away from the lens, providmg adequate eye-relief from lens 53. Those skilled in 
the optical art will recognize, of course, that lenses 51 and 53 may include more than one 
lens element, and further, that the telecentric relay arrangement illustrated in FIG. 6 is not 
the only possible optical arrangement for relaying a pupil image. 

Referring now to FIG. 7, (where again the optical system is illustrated as 

10 "unfolded" with scanning mirror 58 represented as a line, at exit pupil P2 of lens 50, that 
being, here also, one preferred position for the scanning mirror) eyepiece lens 50 may also 
be used as one element, or group of elements, for projecting a magnified real image of 
GLV on a screen or on a recording medium, such as would be required to provide a 
projection display or a device for recording or printing an image. Here, a lens (or group 

15 of lens elements) 55 is positioned to focus a magnified real image 57 (here, the width) of 
GLV array 10 at a finite distance from lens 55. This image could be focussed in a plane 
59 which could be a viewing screen for providing a projected (apparent) two-dimensional 
image, or on a recording medium such as photographic film, or paper. In the case of a 
recorded or printed image, scan mirror 58 could be eliminated, and scanning achieved by 

20 moving a recording or printing medium in the scan direction, which, in FIG. 7, is 

perpendicular to the plane of the illustration, i.e., perpendicular to the orientation of the 
image. Scanning motion would, of course, still need to be synchronized with image 
generation by electronic circuitry 70 as in system 30, in order that sequential image lines 
of a two-dimensional could be printed or recorded. 

25 Referring now to FIGS 8, 9, 10, and 11, another embodiment 31 of a display 

_sy stem Jn.accordancejwith„the_present_invention-isJlliistrated._An illumination 

arrangement includes light sources 32R, 32G, and 32B, spherical lens 36, and cylindrical 
lens 42, which are, and function, as described above for the same components of display 
system 30. Bi-axially coUimated light 40 is converged (arrows 46) by cylindrical lens 42 

30 in the y axis and remains collimated in the x axis (see FIG. 9). A elongated mirror 80 
inclined at 45° to the z axis, on the z axis, and aligned in the x axis. Mirror 80 forms a 
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telecentric stop for cylindrical lens 42. Converging light 46, diverges after being reflected 
from mirror 80. Collimated light 40 remains coUimated. 

Lens 50, is in the path of this reflected light and located at about one-focal length 
of the lens from mirror 80. Thus, after passing through the lens, collimated rays converge, 
and diverging rays are collimated forming an image of mirror 80 aligned in the y axis, on 
the z axis: GLV array 10 is located about one focal length of lens 50 away from lens 50, 
aligned in the y axis, on the z axis. The GLV array thus intercepts this image and is 
illuminated thereby. 

A reflected beam, and plus and minus first-order diffracted beams D+i and D.| 
return from GLV array 10. The reflected beam returns along its original path through lens 
'50 and is imaged back onto mirror 80, and then directed back along the incident light path 
towards lens 42. Reflected light is thus prevented from reaching the viewer. Diffracted 
beams D^^ and D., converge in the y axis (see FIG. 8) and are collimated in the y axis (see 
FIG. 9) and thus pass above and below minor 80 in the y axis. Scanning mirror 58 is 
arranged to intercept diffracted beams D+, and D., for scanning diffracted beams D+j and 
D.i across the field of view of viewer 64 (see FIG. 11) as described above for system 30. 

In system 31, lens 50 and GLV array 10 together form a unit magnification folded 
telecentric relay 79 for light from mirror 80. Lens 50 functions, in the incident light 
direction, as part of the illumination arrangement for GLV array 10 in addition to 
providing (in the direction of reflected and diffracted light) a magnified virtual image of 
that array to a viewer (as a second lens in the telecentric relay). GLV 10 array is located 
- at about an mtemal pupil P, of the telecentric relay. Mirror 80 is located at the (diffracted 
and reflected light) exit pupil of lens 50. 

Alternatively, from the point of view of diffracted and reflected light from GLV 
array 10, a telecentric optical system 81 (Schlieren optics) is formed by GLV 10, lens 50, 
and stop 54, with GLV 10 at external object position of lens 50 and stop 54, at an 
(external) exit pupil of lens 50. This is the same arrangement as found in above described 
display system 30. 

An advantage of the folded telecentric relay of system 31 is that is an exactly 
symmetrical optical system, which is inherently free of odd aberrations such as coma. 
This thus permits precise reimaging of mirror 80, in reflected light from GLV anay 10, 
back on itself. This makes possible a high contrast ratio for a display provided by the 



- 14- 



wo 98/41893 



PCT/US98/05397 



system. Another advantage is that the telecentric relay is exactly symmetrical, whatever 
the form of magnifying eyepiece lens, this permits for flexibility in selecting a particular 
eyepiece form and optimization preference therefor, without significantly compromising 
reimaging the reflected light, and thus contrast ratio. 

The eye-relief relay, and projector/printer arrangements of FIGS 6 and 7 are also 
applicable to display system 31. 

By way of example, in FIG. 8A a system 3 1 A is illustrated which is essentially 
system 31 with scanning mirror 58 omitted, a projection lens 51 added (see FIG. 7). A 
drum arrangement 65 is provided for holding and scanning a printing medium 67 or the 
like. Drum 65 (and medium 67 thereon) is rotated by a motor 65, cooperative with 
electronics 70. and an axle 63 as indicated by arrow F. Real image 57 (see also FIG. 7) is 
thus scamied over the surface of the medium to print or record two-dimensional image. 
Drum seamier 65 is illustrated here for simplicity. Those skilled in the art to which the 
present invention pertains will recognize that more complex scamiing and arrangements are 
required for sheet-feed printers, for example the scanning engine and toner development 
arrangements of commerciaUy available laser printers. As such arrangements are well- 
known in the art, a detailed description of such a complex arrangement is not presented 
herein. 

In system 31, because lens 50 also functions to focus light on GLV array 10 to be 
spatially modulated, it is important that the eyepiece be capable of focussing as much light 
as possible, for providing the brightest possible display, and also of providing good image 
quality. In this regard, a particularlv preferred group of -eyepiece types are the Kelhier, 
PlOssel, and Erfle types, all of which have a relatively wide field. An advantage of lens 
50 having a wide field is that it can have an entrance pupil wide enough to accommodate 
a plurality of turning muTors. This is illustrated in FIG. 12, wherein three elongated 
juming mirrors 80A, 80B,_and-80C.are.ste^^^^ 



» w..^, 

plane, sufficient that light from lens 42 of system 31 does encounter any gaps 
therebetween, and are preferably spaced apart in the y axis direction such that the gaps 
therebetween are sufficiently wide to accommodate the largest and smallest difiracted 
angles of diffracted light from a corresponding light beam incident on GLV array 10. 

Mirrors SOB and 80C are located one at the conjugate image position (of the folded 
telecentric system) of the other. Thus light reflected from mirror SOB is reimaged on 
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mirror 80C and vice versa. Axially located mirror 80A is reimaged on itself as described 
above. For a multiple mirror system to be effective, a non-axially located mirror must 
have a corresponding non-axially located mirror at a conjugate image position. Thus, in a 
system having only two mirrors, both minors must be non-axially located, one at the 
5 conjugate image position of the other. 

For simplicity, only beam D-1 corresponding to incident light beam 46 from mirror 
80A is shown in FIG. 12. Those skilled in the optical art will recognize from the 
illustration how other diffracted beams from minors SOB and 80C find their way between 
or around the mirrors. 

10 The effective appearance of the entrance pupil P, (and the exit pupil Pj, which is 

coincident with the entrance pupil by way of the telecentric arrangement) of lens 50 is 
shown in FIG. 13, wherein dotted circle 83 represents the "theoretically available" pupil. 
The shaded areas 80A-C represent that area of the pupil available for light input to GLV 
array 10, and the un-shaded area between dotted lines D^i(C) and D.,(B) represents the 

1 5 area of the pupil available for output of diffracted light, lines b+,(C) and D.,(B) being 
defined by the highest diffracted angles from light incident from mirrors 80C and SOB 
respectively. 

Eyepiece lens 50 can be optimized such that if GLV array 10 is slightly displaced 
from the telecentric object position of lens 50 (further from lens 50), in either the system 
20 30 or system 31, reflected light from GLV array 10 wUl still respectively image or 

reimage with sufficient accuracy on respectively stop 54 or turning mirror 60, such that the 
stop or mirror can separate reflected from diffracted light, while diffracted hght passing 
through the exit pupU of lens 50 will converge to form a real, well-corrected, image of 
GLV anay 10 without the need for an additional projection lens group. Such an 
25 arrangement is illustrated in FIG. 14 wherein, as in FIGS 6 and 7, the optical system is 
illustrated as "unfolded", with scanning minor 58 represented as a line at exit pupil P2 of 
lens 50, that being, here also, a preferred position for the scanning minor. It should be 
noted here that the distance SD of the screen 59 from exit pupil P2 of lens 50 is shortened 
relative to the distance PD of the pupil from the lens merely for convenience of 
30 illustration. In practice, SD would be more than twenty times greater than PD, such that 
lines D+1 and D-1 would be barely distinguishable from parallel, and stop 54 could still 
be described as being at an exit pupil of a telecentric system. 
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While display system 30 and 31 have been described as employing a scanning 
mirror which is angularly scanned to provide a linear scanning motion of an image of 
GLV array 10, this should not be considered limiting. Examples of other scanner 
arrangements which may be found more or less effective are illustrated in FIGS 15-17. In 
5 FIG 15, a rotating reflector member 82 provides scanning action. Reflector member 92 
has a hexagonal cross-section and has reflective longitudinal faces 94. Light D., from 
GLV array 10 and magnifying lens 50 is reflected from a face 84 towards user's eye 64. 
As reflector member 82 rotates as indicated by arrow C, an image of the GLV array is 
linearly scanned across the user's field of view as indicated by arrow B. 

10 Referring now to FIG. 16, a prismatic transmissive scanning arrangement 100 

includes a deformable or variable-angle prism 102 to provide scanning action. Prism 102 
is formed from transparent, plane parallel, front and rear members 104 and 106. Members 
104 and 106 are arranged face-to-face at an angle to each other to form a V-shaped trough 
108 which is filled with a liquid or preferably with an oil-extended transparent elastomer, 

15 preferably having an oihelastomer ratio greater than 85:15. Such an elastomer is relatively 
easily deformed, and has an elastic memory, but, despite the high oil proportion, will not 
flow. Such elastomers and their preparation are discussed in US Patent 4,618,213. 
Member 106 is angularly scanned or oscillated, as illustrated by arrow A, in the manner of 
scanning mirror 58 of display systems 30 and 31. This angular motion causes light 

20 transmitted through prism 102 to be scanned hnearly across a viewer's field of view, as 
illustrated by arrow B. 

Finally, but not exhaustively, yet another scanning arrangement 110 is illustrated in 
FIG. 17. Scanning arrangement 110 includes positive and negative transparent lens 
elements 112 and 114 respectively. The radii of curvature of elements 112 and 114 is 

25 preferably selected such that the combination of elements has zero optical power. Positive 

element 112 is driven reci procally, linearly, as indicated by_arrow_D.^This-causes-a 

corresponding linear scan of light across a viewer's field of view as indicated by arrow B. 
Those familiar with the optical art will recognize of course that element 112 could be 
fixed and element 114 reciprocated to provide the same scanning mechanism. 

30 While systems in accordance with the present invention have been described with 

reference to reflective (diffractive) grating light valve arrays, those skilled in4he optical art 
will recognize that principles of the present invention may be embodied in a system 
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including a transmissive (diffractive) light valve array. This is illustrated in FIG. 18 which 
Ulustrates a system 30T similar in most respects to system 30 of FIG. 4 but wherein a 
transmissive (diffractive) light valve array is placed between cylindrical lens 42 and 
positive lens 50. All 

other elements of system 30T have the same fimction as corresponding elements of system 
30. 

Those skilled in the art to which the present invention pertains will also recognize 
that principles of the present invention are applicable to providing stereoscopic displays. 
In a simple anangement, for example, a stereoscopic display may be fomed by provid ing 
10 a GLV array and app ropriate separation optics for each eye of ajiewer. Those skilled in 
^ffi^^^rii^rd^^^icT^CT arrangemeiite^thout departing from the spirit and scope of each 
invention. 

The present invention has been described and depicted in terms of a preferred and 
other embodiments. The present invention is not limited, however, to those embodiments 
15 described and depicted. Rather, the invention is limited only by the claims appended 
hereto. 
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Claims 

What is claimed is: 

A display system for displaying a two-dimensional image, comprising: 

2 a diffractive light-valve array, said light- valve array including a row of 

3 elongated, individually-operable, spaced-apart modulator members aligned parallel 

4 to each other, each of said modulator members for causing diffraction of light 

5 incident thereon to an extent determined by an operational state of said operable 

6 member; 

7 illumination means for causing hght to be incident on said light- valve array; 

8 means for separating a diffracted portion of said incident light from a non- 

9 : diffracted portion of said incident light; 

10 electronic means for operating said operable elements of said light- valve 

1 1 array to correspond to image-elements to be displayed; 

12 magnifying lens means for providing a magnified image of said light- valve 

13 array, via said separated diffracted, light portion, to a viewer; and 

14 scanning means, cooperative with said electronic means, for scanning said 

15 magnified image through the field of view of a viewer to represent sequential lines 

16 of the two-dimensional image, thereby causing said magnified image to appear to 

17 the viewer as the two-dimensional image. 

1 2. The display system of claim 1 wherein said light-valve array is a grating 

2 light-valve array and said movable members are reflective, each of said movable 

3 reflective-members individually movable with respect to a corresponding fixed 
4 reflective-m ember, through plangs_parallel_to,and.separated-from-a-p^ 

5 said fixed reflective-member is located, such that said corresponding movable and 

6 fixed reflective-members together cause diffi-action and/or reflection of light 

7 incident thereon depending on the planar separation of said movable and fixed 

8 reflective-members. 
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1 3^ The display system of claim 1, wherein said magnified image of said light 

2 valve array is a virtual image and is viewed by said viewer through said 

3 magnifying lens means. 

1 4, The display system of claim 1, wherein said magnified image of said light 

2 valve anay is a real image projected by said magnifying lens means for imaging 

3 onto a receiving surface viewable by the viewer and is scanned by said scanning 

4 means over said receiving surface. 

15, A display system for displaying a two-dimensional image, comprising: 

2 . ; a light-valve array, said light- valve array including a row of elongated, 

3 individually-operable, spaced-apart modulator members aligned parallel to each 

4 other, each of said modulator members for causing diffraction of light to an extent 

5 determined by an operational state of said modulator member; 

6 illumination means for causing light to be incident on said light-valve array; 

7 means for separating a diffracted portion of light firom said light- valve array 

8 fi-om a non-diffracted portion of light firom said light-valve array; 

9 electronic means for operating said operable elements of said light-valve 

10 array to correspond to image-elements to be displayed; 

11 magnifying lens means for providing a magnified image of said light-valve 

12 array, via said separated diffracted, spatially-modulated light portion, to a viewer; 

13 scanning means, cooperative with said electronic means, for scanning said 

14 magnified image through the field of view of the viewer to represent sequential 

15 lines of the two-dimensional image, thereby causing said magnified image to 

16 appear to the viewer as the two-dimensional image; and 

17 said magnifying lens means, said light-valve array, and said diffracted light 

18 separating means arranged as a telecentric system with said light-valve array and 

19 said diffiracted light separating means located at about respectively a telecentric 

20 object position and an exit pupil of said magnifying lens means. 

1 6. The display system of claim 5 wherein said magnifying lens means is an 

2 eyepiece lens. 
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' "7- The display system of claim 5 wherein said eyepiece lens is of a type 

2 selected from the group of eyepiece lens types consisting of Huygens, Ramsden, 

3 Keliner, PlOssel, Abbe, Kfinig, and Erfle. 

1 8. The display system of claim 5 wherein said light-valve array is a 

2 , transmissive diffractive light-valve array. 

^ ^- The display system of claim 5 wherein said magnified image is a virtual 

2 image viewed by the viewer through said magnifying lens. 

110. The display system of claim 9 wherein said scanning means is located at 

2 about said exit pupil of said magnifying eyepiece lens means. 

1 11. Thedisplay system of claim 10, further including an optical relay arranged 

2 in the path of light exiting said scanning means, for providing an image of said exit 

3 ■ pupil remote from said scanning means. 

1 12. The display system of claim 5 wherein said magnified image is a real image 

2 and is projected by said magnifying lens for imaging onto a receivmg surface 

3 viewable by the viewer. 

1 13. The display system of claim 12 wherem said receiving surface is a viewing 

2 screen. 

1 14. A display system for projecting a two-dimensional image, comprising: 

^ iilght:Yalve_array,_smdJightrV^^^ 

3 individually-operable, spaced-apart modulator members aligned parallel to each 

4 other, each of said modulator members for causing diffraction of light to an extent 

5 determined by an operational state of said operable member; 

6 illumination means for causing light to be incident on said light-valve array; 

7 means for separating a diffracted portion of light from said light-valve array 

8 from a non-diffracted portion of light from said light valve array; 
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9 electronic means for operating said operable elements of said light-valve 

10 array to correspond to image-elements to be displayed; 

1 1 projection lens means for projecting a magnified real image of said light- 

12 valve array, via said separated diffracted, light portion, onto a receiving surface, 

13 said projection lens means including first and second lens-element groups; 

14 scanning means, cooperative with said electronic means for scanning said 

15 magnified image, through the field of viev^ of a viewer viewing the receiving 

16 surface, to represent sequential lines of the two-dimensional image, thereby causing 

17 said magnified real image to appear to the viewer as the two-dimensional image; 

18 and 

19 said first lens-element group, said light-valve anay, and said diffracted light 

20 separating means arranged as a telecentric system with said light-valve array and 

21 said diffracted light separating means located at about respectively a telecentric 

22 object position and an exit pupil of said first element group, and said exit-pupil of 

23 said first element group located between said first element group and said second 

24 element group. 

1 15. The display system of claim 14, wherein said scanning means is located at 

2 about said exit-pupil of said first lens-element group. 

1 16. The display system of claim 14 wherein said magnifying lens means is an 

2 eyepiece lens. 

1 17. The display system of claim 16 wherein said eyepiece lens is of a type 

2 selected from the group of eyepiece lens types consisting of Huygens, Ramsden, 

3 Kelhier, Plossel, Abbe, Konig, and Erfle. 

1 18. A display system for providing a two-dimensional image; comprising: 

2 a grating light-valve array including a row of spaced-apart, elongated, 

3 movable reflective-members aligned parallel to each other, each of said active 

4 reflective-members individually movable with respect to a corresponding passive 

5 reflective-member, through planes parallel to a plane in which said passive 
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6 reflective-member is located, such that said corresponding active and passive 

7 reflective-members together cause diffraction and/or reflection of light incident 

8 thereon depending on the planar separation of said active and passive reflective- 

9 members; 

10 illumination means for causing light to be incident on said grating light- 

11 valve array; 

12 means for separating a diffracted portion of light from said grating light 

13 valve array from a reflected portion of light from said grating light- valve array; 

14 electronic means for moving said active reflective-members of said grating 

15 light- valve array to correspond to image elements to be displayed; 

16 ■ magnifying lens means for providing a magnified virtual image of said 

17 i grating light- valve array, via said separated, diffracted light portion to a viewer; 

18 scanning means, cooperative with said electronic means, for scanning said 

19 magnified virtual image through the field of view of a viewer, thereby causing said 

20 magnified virtual image to appear as the two-dimensional image; and 

21 said magnifying lens means, said light-valve array, and said diffracted light 

22 separating means arranged as a telecentric system with said light-valve array and 

23 said diffracted light separating means located respectively at about a telecentric 

24 ' object position and at about an exit pupil of said magnifying lens means. 

1 19. The display system of claim 18, wherein said magnifying lens means is an 

2 eyepiece lens. 

1 20. The display system of claim 18, wherein said eyepiece lens is of a type 

2 ; selected from the group of eyepiece lens types consisting of Huygens, Ramsden, 
-J_ -LKellner,_Plessel,_Abbe,-K6nig,-and-Erfle. — - — - 

1 21. The display system of claim 18 wherein said scanning means is located 

2 ■ proximate said exit-pupil of said magnifying lens. 
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1 22. The display system of claim 21, further including optical relay means 

2 arranged in the path of light exiting said scanning means, said optical relay for 

3 providing an image of said exit pupil remote from said, scanning means. 

1 23. A display system for providing a two-dimensional image; comprising: 

2 ' an elongated gratmg light-valve array including a row of spaced-apart, 

3 elongated active reflective-members aligned parallel to each other, each of said 

4 active reflective-members individually movable with respect to a corresponding 

5 passive reflective-member, through planes parallel to a plane in which said passive 

6 reflective-member is located, such that said corresponding active and passive 

7 . reflective-members together cause diffraction and/or reflection of light incident 

8 thereon depending on the planar separation of said active and passive reflective- 

9 members; 

10 a folded telecentric first optical relay having an optical axis, said first 

11 optical relay including said grating light-valve array, a positive lens, and an one 

12 elongated turning mirror, said turning mirror located on one side, of said positive 

13 lens, at about an object position of said first optical relay, on said optical axis 

14 thereof, and inclined to said optical axis thereof, and said grating light- valve array 

15 located on an opposite side of said positive lens at about an internal pupil position 

16 of said optical relay and on said optical axis thereof; 

17 said turning mirror arranged such that light incident thereon is directed 

18 through said positive lens said directed light being incident on said grating light- 

19 valve array; 

20 said grating light-valve array arranged such that the portion of light 

21 reflected therefrom passes through said positive lens, is imaged thereby onto said 

22 turning minor, and is directed by said turning mirror toward said light source; 

23 said grating light-valve array arranged such that said portion of light 

24 diffracted therefrom is directed through said positive lens and passes said turning 

25 mirror on each side thereof, through an external pupil of said positive lens toward a 

26 viewer; 

27 said turning mirror thereby permitting only said diffracted light portion to 

28 reach the viewer and said positive lens thereby providing a magnified virtual image 
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of said grating light-valve array via said diffracted portion of said incident light, to 
the viewer; and 

electronic means for moving said active reflective-members of said grating 
light-valve array to correspond to image elements to be displayed, and scanning 
means located in the path of said diffracted light portion from said positive lens 
tov\^ard the viewer, said scanning means cooperative with said modulator means for 
scanning said magnified virtual image through the field of view of a viewer, 
thereby causing said magnified virtual image to appear as the two-dimensional 
image. 

I The display system of claim 23, wherein said positive lens is an eyepiece 

lens. 

i. The display system of claim 24, wherein said eyepiece lens is of a type 

selected from the group of eyepiece lens types consisting of Huygens, Ramsden, 
Kellner, Plossel, Abbe, Konig, and Erfle. 

i. The display system of claim 23, further including second optical relay 

means arranged in the path of said diffracted light portion passed through said exit- 
pupil of said positive lens, said optical relay for providing an image of said exit- 
pupil remote from said scanning means. 

A display system for providing a two-dimensional image; comprising: 
an elongated grating light-valve array including a row of spaced-apart, 
elongated active reflective-members aligned parallel to each other, each of said fu-st 

reflective^members-individually-movable-with-respect to^a corresponding-p^^ 

teflective-member, through planes parallel to a plane in which said passive 
reflective-member is located, such that said corresponding active and passive 
reflective-members together cause diffraction and/or reflection of light incident 
thereon depending on the planar separation of said active and passive reflective- 
members; 



-25 - 



wo 98/41893 



PCTAJS98/05397 



10 a folded telecentric first optical relay having an optical axis, said first 

1 1 optical relay including said grating Ught-valve array, a positive lens, and at least 

12 two elongated turning mirrors, said turning mirrors located on one side of said 

13 positive lens, proximate an object position of said fnst optical relay, with one of 

14 sai'd at least two turning mirrors located on each side of said optical axis proximate 

15 a conjugate image position of the other, and each of said at least two turning 

16 mirrors inclined to said optical axis, said grating light-valve array being located on 

17 an opposite side of said positive lens to said at least two turning mirrors at an 

18 internal pupil position of said first optical relay and on said optical axis thereof; 

19 - said turning minors arranged such that light incident thereon is directed 

20 through said positive lens in a furst direction such that said directed light is incident 

21 on said grating light-valve array; 

22 said grating light-valve array arranged such that the portion of incident light 

23 reflected therefi-om passes through said positive lens in a second direction opposite 

24 said first direction, and is imaged thereby onto each of said turning mirrors, and 

25 directed by said turning mirrors toward said light source; 

26 said grating light-valve array arranged such that said portion of light 

27 diffracted light therefi:om is directed through said positive lens in said second 

28 dkection and passes said turning minors on each side thereof, through an external 

29 pupil of said positive lens toward a viewer; 

30 said turning mirrors thereby permitting only said diffracted light portion to 

31 reach the viewer and said positive lens thereby providing a magnified virtual image 

32 of said grating light-valve array, via said diffracted Ught portion, to the viewer; and 
33 

34 electronic means for moving said active reflective-members of said grating 

35 Ught-valve array to correspond to image elements to be displayed, and scanning 

36 means located in the path of said dif&acted Ught portion from said positive lens 

37 toward the viewer, said scanning means cooperative with said electronic means for 

38 scanning said magnified virtual image through the field of view of a viewer, 

39 thereby causing said magnified virtual image to appear to the viewer as the two- 

40 dimensional image. 
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1 28. The display system of claim 27, wherein said positive lens is an eyepiece 

2 lens. 

1 29. The display system of claim 28, wherein said eyepiece lens is of a type 

2 selected from the group of eyepiece lens types consisting of Kellner, Plossel, and 

3 Erfle. 

1 30. The display system of claim 27, further including second optical relay 

2 means arranged in the path of said diffracted light portion passed through said exit- 

3 pupil of said positive lens, said optical relay for providing an image of said exit- 

4 pupil remote from said scanning means. 

' 31. A display system for projecting a two-dimensional image; comprising: 

2 an elongated grating light-valve array including a row of spaced-apart, 

3 elongated, active reflective-members aligned parallel to each other, each of said 

4 active reflective-members individually movable with respect to a corresponding 

5 passive reflective-member, through planes parallel to a plane in which said passive 

6 reflective-member is located, such that said corresponding active and passive 

7 reflective-members together cause diffraction and/or reflection of light incident 

8 thereon depending on the planar separation of said active and passive reflective- 

9 members; 

10 a folded telecentric optical relay having an optical axis, said first optical 

^ ^ relay including said grating iight-valve array, a positive lens, and an one elongated 

12 turning mirror, said turning mirror located on one side of said positive lens, at an 

13 object position of said first optical relay, on said optical axis thereof, and inclined 

14 ——---to said optical axis thereofv^and-said-grating-light-valve an-ay to^ — — — 

15 opposite side of said positive lens proximate an internal pupil position of said 

16 folded telecentric optical relay and on said optical axis thereof; 

said turning mirror arranged such that light incident thereon is directed 

1^ through said positive lens such that said directed light is incident on said grating 

19 light-valve array as an image of said turning mirror; 
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20 said grating light-valve array arranged such that the portion of incident light 

21 reflected therefrom passes through said positive lens, is imaged by said positive 

22 lens onto said turning mirror, and directed by said turning mirror toward said light 

23 source; 

24 said grating light-valve array arranged such that said portion of light 

25 diffracted light therefrom is directed through said positive lens and passes said 

26 turning mirror on each side thereof, through an external pupil of said positive lens; 

27 said turning mirror thereby permitting only said diffracted light portion to 

28 reach the viewer and said positive lens and said grating light valve array arranged 

29 such that said positive lens projects a magnified real image of said grating light- 

30 valve array via said diffracted portion of said incident light, for imaging onto a 

31 receiving surface viewable by a viewer; and 

32 electronic means for moving said active reflective-members of said grating 

33 light-valve array to correspond to image elements to be displayed, and scanning 

34 means located in the path of said diffracted light portion from said positive lens 

35 toward the receiving surface, said scanning means cooperative with said electronic 

36 means for scanning said magnified virtual image over the receiving surface, such 

37 that said scanned magnified real image appears to the viewer as the two- 

38 dimensional image. 

1 32. The display system of claim 31, wherein said positive lens is an eyepiece 

2 lens. 

1 33 The display system of claim 31, wherein said eyepiece lens is of a type 

2 selected from the group of eyepiece lens types consisting of Huygens, Ramsden, 

3 Kelhier, Plossel, Abbe, Konig, and Erfle. 

1 34 A display system for projecting a two-dimensional image; comprising: 

2 an elongated grating light-valve array including a row of spaced-apart, 

3 elongated, movable, active reflective-members aligned parallel to each other, each 

4 of said active reflective-members individually movable with respect to a 

5 corresponding passive reflective-member, through planes parallel to a plane in 
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6 which said passive reflective-member is located, such that said corresponding active 

7 and passive reflective-members together cause diffraction and/or reflection of light 

8 incident thereon depending on the planar separation of said active and passive 

9 reflective-members; 

10 a folded telecentric first optical relay having an optical axis, said first 

1 1 optical relay including said grating light-valve array, a positive lens, and at least 

12 tv^o elongated turning mirrors, said turning mirrors located on one side of said 

13 positive lens, proximate an object position of said first optical relay, with one of 

14 said at least two turning mirrors located on each side of said optical axis proximate 

15 a conjugate image position of the other, and each of said at least two turning 

16 mirrors inclined to said optical axis, said grating light-valve array being located on 

17 an opposite side of said positive lens to said at least two turning mirrors at an 

1 8 internal pupil position of said first optical relay and on said optical axis thereof; 

19 said turning mirrors arranged such that light incident thereon is directed 

20 through said positive lens in a first direction such that said directed light is incident 

21 pn said grating light-valve array; 

22 said grating light-valve array arranged such that the portion of incident light 

23 reflected therefrom passes through said positive lens in a second direction opposite 

24 said first direction, and is imaged thereby onto each of said turning mirrors, and 

25 'directed by said turning mirrors toward said light source; 

26 said grating light-valve array arranged such that said portion of light 

27 Idififracted light therefi-om is directed through said positive lens in said second 

28 'direction and passes said turning mirrors on each side thereof, through an external 

29 pupil of said positive lens toward a viewer; 

30 said turning mirrors thereby permitting only said diffracted light portion to 

3-1 feach-the^viewer-and said-positive lens-and-said grating-light-valve^^a^^ — 

32 isuch that said positive lens projects a magnified real image of said grating light 

33 i valve array for imaging onto a receiving surface viewable by the viewer; and 

34 electronic means for moving said active reflective-members of said grating 

35 light-valve array to correspond to image elements to be displayed, and scanning 

36 'means located in the path of said diffracted light portion from said positive lens 

37 I toward the receiving surface, said scannmg means cooperative with said electronic 



-29- 



wo 98/41893 



PCT/US98/05397 



38 means for scanning said magnified real image over the receiving surface, such lhat 

39 said scanned magnified real image appears to the viewer as the two-dimensional 

40 image. 

1 35. The display system of claim 34, wherein said positive lens is an eyepiece 

2 lens. 

1 36. The display system of claim 35, wherein said eyepiece lens is of a type 

2 selected from the group of eyepiece lens types consisting of Kellner, Plossel, and 

3 Erfle. 

\ 37. A system for printing a two-dimensional image on a print medium; 

2 comprising: 

3 a grating light-valve array including a row of spaced-apart, elongated, active 

4 reflective-members aligned parallel to each other, each of said active reflective- 

5 members individually movable with respect to a corresponding passive reflective- 

6 . member, through planes parallel to and separated from a plane in which said 

7 passive reflective-member is located, such that said corresponding active and 

8 passive reflective-members together cause diffraction and/or reflection of light 

9 incident thereon depending on the planar separation of said active and passive 

1 0 reflective-members; 

1 1 illumination means for causing light to be incident on said grating light- 

12 valve array; 

13 means for separating a diffracted portion of light from said grating light 

14 valve array from a reflected portion of light from said grating light-valve array; 

15 electronic means for moving said active reflective-members of said grating 

16 light-valve anay to correspond to image elements to be displayed; 

17 magnifying lens means for projecting a magnified real image of said grating 

18 light-valve array, via said separated, diffiracted light portion onto the print medium; 

19 scanning means, cooperative with said electronic means, for moving the 

20 print medium with respect to the said magnified real image such that said 
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2^ magnified real image defines sequential lines of the two-dimensional image at 

22 isequential positions on the print medium. 

1 38. The system of claim 37, wherein said magnifying lens means, said light- 

2 ivalve array, and said diffracted light separating means arranged as a telecentric 

3 ;system with said light-valve array and said diffracted light separating means located 

4 respectively at about a telecentric object position and at about an exit pupil of said 

5 magnifying lens means. 

1 39. i The display system of claim 37, wherein said magnifying lens means is an 

2 ieyepiece lens. 

! 

1 40. ' The display system of claim 39, wherein said eyepiece lens is of a type 

2 selected from the group of eyepiece lens types consisting of Kellner, Plossel, and 

3 ,Erfle. 

^ 41. : A system for printing a two-dimensional image on a print medium; 

2 comprising: 

3 a grating light- valve array including a row of spaced-apart, elongated, active 

4 Ireflective-members aligned parallel to each other, each of said active reflective- 

5 .members individually movable with respect to a corresponding passive reflective- 

^ imember, through planes parallel to a plane in which said fixed reflective-member is 

7 located, such that said corresponding active and passive reflective-members together 

8 ;cause diffraction and/or reflection of light incident thereon depending on the planar 

9 I separation of said active and passive reflective-members; 

— iU^™ination.means for-causing-light-to be-incident-on-said"grating^ " 

1 1 ivalve array; 

^2 means for separating a diffracted portion of light from said grating light 

13 valve array from a reflected portion of light from said grating light- valve array; 

1^ electronic means for moving said active reflective-members of said grating 

15 light-valve array to correspond to image elements to be displayed; 
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16 projection lens means for projecting a magnified real image of said grating 

17 light-valve array, via said separated, diffracted light portion onto the print medium; 
Ig scanning means, cooperative with said electronic means, for moving the 

19 print medium with respect to the said magnified real image such that said 

20 magnified real image defmes sequential lines of the two-dimensional image at 

21 sequential positions on the print medium; and 

22 said projection lens means including first and second element groups, said 

23 first element group forming a positive lens, and said positive lens, said light-valve 

24 array, and said diffi:acted light separating means arranged as a telecentric system 

25 with said light-valve array and said diffracted light separating means located 

26 between said first and second element groups at about an exit pupil of said positive 

27 lens. 
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